Smoking represents the most widespread substance dependence in the world. Nicotine alters women hormonal homeostasis. Women smokers have higher testosterone and lower estradiol levels throughout life compared to nonsmokers. We monitored the effect of smoking discontinuation on steroid spectrum with 25 postmenopausal women smokers. They had been examined before discontinuation of smoking and after 6, 12, 24 and 48 weeks of abstinence. Blood was collected to determine steroid spectrum (measured by GC-MS), luteinizing hormone, follicle stimulating hormone and sex hormone binding globulin (measured by IRMA). Repeated measures ANOVA model was used for evaluation of the data. In postmenopausal women, an increase in testosterone, dihydrotestosterone, dehydroepiandrosterone and other androgens occurred. Neither nicotine replacement therapy nor weight changes nor age play a role in androgen level increase. The higher androgens levels correlated with failure in smoking cessation. Women smokers have higher androgen levels, which might play a role in smoking dependence development. Women successful in smoking cessation, compared to the non-successful ones, have lower androgen levels initially and also after smoking discontinuation.
Introduction
The negative impact of tobacco smoking is complex. However, it influences biosynthesis and steroids effects among others. Smoking interferes with neuroactive steroid metabolism and addiction arises very quickly. Smoking in women has an anti-estrogenic effect. The increase in androgen production in women smokers throughout life from puberty to menopause has been described in studies consistently (Van Voorhis et al., 1992; Barbieri et al., 2005; Manjer et al., 2005; Cochran et al., 2008; Cupisti et al., 2010) . However, anti-estrogenic effect has not been confirmed in all studies. A number of studies have focused on the impact of smoking on female reproduction. They have reported increased incidence of infertility in women smokers (Thomford and Mattison, 1986; Weigert et al., 1999) . In fertile women, smoking may also influence hormonal contraception effects negatively: this may lead to higher incidence of off-cycle spotting and bleeding (Rosenberg et al., 1996) . In postmenopausal women, it appears that even moderate smoking, induces significant changes in hepatic estrogen metabolism. Cassidenti et al. (1990) found alterations in serum estrone sulfate and SHGB-binding capacity that result in decreased serum unbound estradiol. However, these changes do not appear to require increasing the estrogen dosage to achieve physiologic levels of estrogen in postmenopausal smokers (Cassidenti et al., 1990) .
Methods
The study involved 25 postmenopausal women heavy smokers who had decided to stop smoking and sought medical help at the Tobacco Addiction Center. The women did not use hormonal replacement therapy for at least 6 months before the testing; they did not suffer from any serious illness and did not use any medication affecting steroidogenesis. The women were examined before the initiation of smoking cessation, after 6, 12, 24 and 48 weeks of abstinence. During each examination, blood was collected to determine steroid spectrum, luteinizing and follicle stimulating hormones (LH, FSH), sex hormone binding globulin (SHBG) and basic anthropometric data were measured. For evidence of abstinence from smoking, cotinine analysis was used. The study has been approved by the ethics committee of the Institute of Endocrinology. Most of the steroids and their polar conjugates were measured using the previously described GC-MS method (Hill et al., 2010) . The 17-hydroxy-pregnenolone was measured by RIA as described in our previous report (Hill et al., 1999) and conjugated 17-hydroxy-pregnenolone was measured using the same method after hydrolysis as described previously. Estradiol was measured by RIA kit from Orion, Finland (intra-assay CV = 4.4%, inter-assay CV = 4.6%) and 17-hydroxy-progesterone was assayed by kit from Immunotech, France (intra-assay CV = 5.2%, inter-assay CV = 6.5%). LH by IRMA kit from Immunotech, France (intra-assay CV = 3.7%, inter-assay CV = 4.3%), FSH by IRMA kit from Immunotech, France (intra-assay CV = 2.6%, inter-assay CV = 4.5%) and SHBG by IRMA kit from Orion, Finland (intra-assay CV = 6.1%, inter-assay CV = 7.9%). The hormonal profiles were evaluated using repeated measures ANOVA model. The statistical software Statgraphics Centurion version XVI from Statpoint Inc. (Warrenton, Virginia, USA) was used for simultaneous data transformations, ANOVA testing and multiple comparisons.
Results
In the group of postmenopausal women, 10 women were successful in smoking cessation, 15 women failed during the treatment. The average age was 57.6 years (±6.7 years), average BMI 25.3 (±4.2). Successful and nonsuccessful women did not differ in age and BMI. The levels of gonadotropins were determined to verify postmenopausal state. The median levels of LH were 27.9 IU/l and levels of FSH 48.9 IU/l in the first sample collection (before the initiation of smoking cessation.) After one year of successful smoking cessation the levels were 28.2 IU/l and 46.4 IU/l, respectively. We found increasing levels of androgens (testosterone and its metabolites e.g. androsterone, epiandrosterone, dehydroepiandrosterone, 5-androstene-3β,7α,17β-triol) during smoking cessation ( Table 1) . Neither nicotine replacement therapy nor weight changes nor age played a role in androgen level 
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Prague Medical Report / Vol. 115 (2014) No. 1-2, p. 60-66 increase. Furthermore, there was a statistically significant decrease in SHBG after first 6 weeks of smoking cessation. The median levels of SHBG in the first sampling were 61 nmol/l. After 6 weeks of smoking cessation the median levels were reduced to 32.1 nmol/l and stayed stable over the rest of the study. Changes in levels of C21 steroids were not significant. When searching for a possible biochemical marker of failure in smoking cessation, there was a unique parameter found. Higher androgen levels before the smoking cessation correlated with failure in smoking cessation (Table 2 ).
Discussion
Increased hyperandrogenemia or increased androgens to estrogens ratio in female smokers was reported by many authors (Van Voorhis et al., 1992; Barbieri et al., 2005; Manjer et al., 2005; Cochran et al., 2008; Cupisti et al., 2010) in all ages. This phenomenon was described already in very young smokers. Martin et al. (2001) conducted a pilot study focusing on relations among testosterone levels, carbon monoxide (CO) levels and current smoking, smoking in adolescence and in early puberty in a group of young women smokers. Testosterone levels correlated positively with cigarette smoking in the last 30 days, with CO levels, cigarette smoking in 7 th and 10 th grade of primary school and negatively correlated with the puberty onset age (Martin et al., 2001) .
Several studies are focused on the influence of smoking on steroid production during menstrual cycle. In comparison to women non-smokers in the reproductive age, women smokers (moderate to severe addiction, i.e. >10 cigarettes/day) have 25-35% higher estrogen and progesterone levels in early follicular phase. Heavy smokers (>20 cigarettes/day) showed lower progesterone metabolites levels in luteal phase (Windham et al., 2005) . Average androstenedione plasma concentration was higher in women smokers compared to women non-smokers but testosterone, estrone and estradiol levels did not differ (Longcope and Johnston, 1988) .
In our previous study on premenopausal women we demonstrated that the chronic cigarette smoking (in comparison with permanent tobacco abstinence) augments serum androgens including some 5α/β-reduced androstane metabolites but suppresses estradiol levels in the luteal phase, which may induce hyperandrogenism in the female smokers (Dušková et al., 2012) .
Similar results showed studies in postmenopausal women. In study by Manjer et al. (2005) postmenopausal women smokers have higher testosterone concentrations compared to women non-smokers and the risk of this elevation rises with the number of cigarettes per day. Current smoking and increasing amount of current smoking were weakly associated with high androstenedione levels. However, these associations did not reach statistical significance. Also exsmoking was associated with high testosterone levels (Manjer et al., 2005) . Also Cochran et al. (2008) demonstrated that current smokers had significantly higher androstenedione levels and a higher androgen-to-estrogen ratio than never smokers. Current smokers had significantly lower progesterone levels compared with never smokers. Former and current cigarette smokers had increased odds of experiencing hot flushes compared with never smokers (Cochran et al., 2008) .
The data of Law et al. (1997) suggest a balance between higher androgen levels but lower rates of conversion of androgens to estrogens in smokers.
On the other side, Skałba et al. (2003) concluded that smoking have no significant effect on androgen concentration and SHBG changes in blood serum in postmenopausal women.
Taken together, testosterone is higher in women smokers throughout their lives. Our results are in concordance with previous studies reporting increased level of androgens.
There are only few reports on the effect of smoking cessation and circulating androgens (Lerman et al., 1993 , Oncken et al., 2002 . Oncken et al. (2002) found that six weeks of smoking abstinence produces reductions in SHBG, however they did not analyse testosterone. Ex-smoking was associated with higher testosterone levels in the study of Manjer et al. (2005) .
In our previous study, we followed the group of premenopausal women after they discontinued smoking. We found that smoking discontinuation for 6 weeks leads to further increase of androgens (Dušková et al., 2011) .
In postmenopausal women, we found increasing levels of androgens (testosterone, androsterone) during smoking cessation. When looking for factors, which could influence steroid levels after discontinuation of smoking, we found some possible explanations.
We considered the influence of smoking discontinuation and a nicotine influence itself in the nicotine replacement therapy. However, the androgen levels did not correlate with cotinine levels, therefore we rejected this hypothesis. Another possibility might be the effect of age as the women aged a year during the study. The effect of age was not demonstrated either. Another possibility could be a change in weight due to the smoking discontinuation. However, the changes in steroidogenesis did not correlate with the change in weight.
When trying to explain the increase of androgen levels after smoking discontinuation, it is useful to know the basal androgen levels prior to the start of smoking. All studies describe higher androgen levels in women smokers during their entire life but the entry levels before they become smokers are difficult to find. From this view, an interesting finding is the relation between higher testosterone levels in mothers who smoked during pregnancy and their daughters' smoking. Testosterone levels in mothers smoking during pregnancy correlated with daughters' smoking, however prenatal cotinine levels did not. The testosterone level in mothers smokers is probably a risk factor for daughters' smoking (Kandel and Udry, 1999) . It seems that a higher testosterone level could be a predisposition for smoking.
Another theory is a chronic effect on steroidogenesis caused by smoking which produces irreversible changes in steroidogenesis. Their extent could play a role in maintaining dependence.
Conclusion
Smoking causes higher androgen levels in women. Our results indicate that smoking discontinuation leads to their further increase. There are several hypotheses explaining elevated levels of androgens after smoking cessation. We considered the influence of nicotine in nicotine replacement therapy. However levels of cotinine, which reflects nicotine income, do not correlate with levels of androgens. Neither gaining weight nor ageing process was associated with androgen levels. The question is what androgen levels women have before they start smoking and whether testosterone itself could play a role in development of tobacco addiction. Smokers may therefore have higher testosterone levels than non-smokers before starting smoking. We believe that, these levels are subsequently reduced by smoking and after cessation returned to its original concentrations. Another explanation for higher levels of testosterone is irreversibly affected steroidogenesis caused by chronic smoking.
